In the past four decades, there has been an increase in the occurrence of zoonotic diseases. Some outbreaks have been devastating because of the inability of individuals and health workers to identify the diseases early. Generally, most zoonotic diseases are heralded by a fever. While fevers are common, they are often the symptoms of different diseases. This paper explores how a population at potential risk of zoonotic diseases identify fevers, and what treatments they seek when they develop fevers. The data are from focus group discussions and a survey of three communities in the Brong Ahafo, Volta and Greater Accra regions in Ghana. The quantitative data were analysed using descriptive statistics while the qualitative data were analysed using thematic analysis. The findings indicate that the perceived causes of fever differ from the traditional biomedical view. While orthodox treatment was the preferred choice for most participants, rural dwellers utilised traditional medicine more than their urban counterparts. Though there is no record of bat-borne zoonotic disease in Ghana, our findings could be used as a proxy to indicate how populations at risk of exposure might respond in the event of a spillover event from a zoonosis. We recommend that educational campaigns on zoonotic diseases should target rural dwellers, especially farmers, who may be most at risk of zoonoses.
Introduction
In the event of an outbreak of an infectious disease, the success in reducing morbidity and mortality depends on early detection and rapid response [1] by health officials. This means that the affected are able to identify the disease correctly and seek swiftly the appropriate treatment [2] . There are instances where delayed detection and misdiagnosis of disease outbreaks, because they usually resemble an already known disease and/or that the disease is not known to be common in that country or region, have led to serious public health implications [1] Golokuati in the Volta Region and Accra, in the Greater Accra region (Fig 1) . The communities were chosen because of their close proximity to large bat roosts, mainly Eidolon helvum and Epomophorus gambianus. At Tanoboase, the bats roost in a 3,000-acre sacred forest and feed predominantly on fruit trees, especially cashew, pawpaw and mango on farms in and around the village. Human-bat interaction occurred when people go to the forest to hunt and also through processing and consumption of bats. In addition, residents were exposed to bat faeces to both their hands and feet when they visit their farms. At Accra, bats roost in large mahogany and neem trees at the 37 Military Hospital, the Department of Parks and Gardens and the 37 Military Barracks in Accra, which are all close to each other. People at the hospital, residents of the barracks, workers at the Parks and Gardens and commuters at the nearby lorry station are all exposed to bat droppings and urine in their daily activities. Bat droppings were visible on the ground, the walls and roofs of the buildings. At Ve Golokuati, bats roost on large trees such as mango and neem trees in the township and nearby forests. Bat roosts could be found at the market, homes, schools, the clinic and the chief's palace. Residents were exposed to bats droppings directly when the bats defecate onto their wares at the market, receptacles for harvesting rain water, their food and clothing.
Research design
The tools for data collection were based on questionnaires and focus group discussions. Quantitative design. At Tanoboase and Ve Golokuati, sampling involved one participant from every fifth household being selected. At Accra, the population consisted of health workers at the 37 Military hospital, workers at the Department of Parks and Gardens and residents at the 37 Military Barracks. The total sample for this area was divided into three equal parts of 30 or more respondents. Due to the fact that this population consisted of workers who mainly run shifts and were very busy, accidental sampling was used. Thus, anyone who was available and willing to take part in the study was included. All participants were interviewed face to face (S1 Appendix). The questionnaire was both open-ended and close ended. The questions included demographic characteristics, assets owned, hunting, processing and consumption of bats, conservation of bats and incidence of fevers and treatment sought. This particular paper is based on questions on the occurrence of fevers and the treatment sought. In the survey, every resident 15 years and above qualified to be part of the study. The data were cleaned, coded and entered into the Statistical Package for Social Sciences (SPSS version 21). The data were analysed using frequencies and percentages and chi-square tests to determine relationships between some variables.
Qualitative methods. The main qualitative instrument used was focus group discussions (FGDs). A total of six FGDs were conducted-two in each community. There were separate FGDs for men and women. Though the topic under discussion was not a sensitive one, traditional women generally do not speak in the presence of men [18] . In all, 192 participants took part in the FGDs. At Tanoboase, 98 women and 38 men took part in the study, 15 women and 21 men at Ve Golokuati, and 6 females and 14 males at Accra. The high number of people who took part in the FGDs in Tanoboase was due to how the participants were recruited. As part of the community entry, we met the traditional leaders in the rural communities, who were briefed about the study and their support was sought. On the day of the FGDs, an announcement was made on the public address system in the community where members were informed to come to the community social centre where the researchers were located. Scores of people came out to be part of the study. The team could not send them away because that would have been considered offensive. However, the high number of participants did not affect the quality of the discussions as they were facilitated by one of the researchers and two research assistants. Moreover, the researchers made sure to include interest groups such as hunters, butchers, farmers, traders, and traditional healers in the discussions. Apart from these interest groups, the criteria for inclusion in the FGDs were that the individual should be 18 years and above and be willing to take part in the study. The FGDs were tape-recorded and later transcribed and translated into English. The data were analysed based on themes as described by Braun and Clark [19] . This included familiarity with the data, and identifying and grouping into themes.
One limitation of this study was that the populations of the three communities were not known. This affected the determination of the sample size and the sampling frame used for the study. Based on the criteria that a rural area has a population of not more than 500 people, we decided to sample an estimated 20% of the population, with the sample size of 340.
To ensure external validity, several steps were taken in the design. As already indicated above, wildlife such as bats can be found all over the country, but widely consumed in the southern sector. The southern sector was categorised into three-the forest zone, the coastal and the Volta zone. The Volta region mimics all four ecological zones in Ghana. Tanobaose represented the forest zone, Ve Golokuati the Volta, while Accra represented the coastal belt and was also cosmopolitan in nature. Furthermore, the three areas had different levels of proximity to known bat roosts. In Tanobaose, residents did not interact with bats except when they visited the forest to hunt or came into contact with bat droppings on their farms. At Ve Golokuati and Accra, bats roost in the homes, offices, markets and schools. Thus, the findings of this study may be generalised to some populations that live in close proximity to bat roosts but not to the larger Ghanaian population.
Ethical clearance for the study was obtained from the Institutional Review Board (IRB) of the University of Ghana situated at Noguchi Memorial Institute for Medical Research. The IRB details are as follows: Study Number 002/13/14, Internal Number 1796. The consent of participants was sought before information was acquired. Those who agreed to take part in the study signed the consent form. Those who could not write used a thumbprint on the consent form. Though the study was part of the larger Dynamic Drivers of Diseases in Africa Consortium, we did not need the permission of DDAC to publish the data since the researchers are part of the consortium.
Findings
The three hundred and forty (340) respondents who took part in the survey comprised of 126 from Accra, 111 from Ve Golokuati and 103 from Tanoboase. There were 164 females representing 48.2% of the respondents and 174 males making up 51.8%. While 12% had post-secondary education, 9% had tertiary education and 15.9% had no formal education. The economic activities engaged in by the respondents included farming, trading, dressmaking, hairdressing, artisanal work, construction, teaching and military/health workers. Among the rural population, the predominant occupations were farming and trading. The household sizes ranged from one to 15, with 45.7% with households of between one and five and 43% had household size from six to 10. Generally, household sizes in the two rural areas were larger compared to the urban site. While 53.5% of respondents in Tanobaose and 47.9% in Golokuati had household size of six and above, only a third of the respondents at Accra had household sizes above six. Generally, household sizes at Accra ranged from one to five members (Table 1) It was a challenge obtaining information on incomes, especially in the rural areas. In the absence of data on income and expenditure, household assets were used as an indicator of the income of individuals. The assets used to indicate the wealth of respondents were made up of nine items. These included mobile phones, bicycles, motor cycles, television sets, sewing machines, cars, internet accessibility, refrigerators, radios and land. While land and the type of building materials could also be used in measuring wealth [20] , in this study they were not used in measuring the wealth of respondents because land ownership did not play the same role in livelihood activities in all the study sites. While in the rural areas land played an important role in livelihoods, urban dwellers did not require land for their sustenance. In addition, the materials used in building houses differed greatly for rural and urban areas. In the rural areas, many houses were built of mud, with a thatched roof, whiles in the cities, houses were built of cement blocks and the roofs were mostly of corrugated iron sheets. This difference made comparing land ownership and building type between rural and urban areas problematic. To measure the wealth of participants, we summed up the number of assets of each participant. The number of assets owned was categorised into three-less than three, between four and five, and six and above. Participants with more than six assets were categorised as wealthy, this was followed by participants with four or five assets, and then those who had three and less assets, in that order. Of the participants, 31.2% had < 3 assets, 47.1% had between four and five assets and 21.8% had >6 assets. The mean, mode and median number of the assets owned indicated that the majority of the participants had an average of four assets.
Types of illness experienced
In the survey, the illnesses and complaints that participants commonly experienced were malaria (23.8%), fever (15.6%) and body pains (11.5%). Others mentioned included hypertension (4.4%), headache (2.4%), skin diseases (1.8%) and rheumatism (1.8%) ( Table 2 ). Accra, which is an urban area, reported more malaria cases (67%) than Tanoboase (17%) and Golokuati (16%). The diseases reported in the FGDs were similar to those reported in the survey. There were two diseases that were reported in the FGDs but not in the survey. These were piles/hemorrhoids (kooko) and diabetes. It is worthy to note that, in Ghana, kooko is believed to be the root cause of many diseases. Many herbal drug peddlers claim to have an antidote (drugs) for piles, which they claim could heal most diseases as well.
Beliefs about the causes of fevers
The information on the beliefs of the causes of fever were solicited from the FGDs. At Tanoboase and Accra, fever is known locally as atridii, abunu or feber. Feber is the corrupted form of fever. At Ve Golokuati, fever is locally known as asra. The symptoms of fever as mentioned by participants included general bodily weakness, colds, high body temperatures, shivering, vomiting, yellowish urine, weak knees and headaches. The participants further distinguished between two types of fever: "normal fever", whose symptoms are as indicated above and "high fever", locally known in Twi as krakran. High fever, they submitted, is characterised by "irrational behaviours as if the sufferer has a mental health problem". They further indicated that high fever is caused by changes in the blood of a person. One participant in the FGDs intimated that: "when the blood increases, it causes high fever; the high fever then affects the brain, which makes the patient behave as if he/she has a mental illness". Further, it was believed that fever occurred when one consumed too much oil or is exposed to the sun for long periods and too much consumption of mangoes. According to respondents, butterflies bore into the mangoes and lay eggs in them, which results in the development of tiny worms in the mangoes. They claimed that children especially could develop fever if they ate the worm-infested mangoes. Another cause of fever is the eating of new yams. As a participant submitted: "when new yam comes, fever is common". It was believed that fever is normally common during certain times of the year and not others. Participants believed that fever is common between the months of June and July and during the harmattan season which occurs between December and February. June/July is the peak of the rainy season in Ghana and it is during this period that a lot of insects, such as mosquitoes, breed. It is during this period that fever was assumed as a symptom of malaria.
Frequency of fever
Of the 340 respondents in the survey, 75.6% (238) indicated that they had experienced fever, and 24.4% (77) indicated they did not. Participants at Ve Golokuati reported more fever (42.2%) than Accra (31.9%) and Tanoboase (25.6%). Of those who reported that they have experienced fever, 57.9% indicated they experience fever occasionally, 30.8% indicated not very often and 4.5% indicated once every week (Table 3) . We wanted to find out whether the economic activity people engaged in exposed them to fever. The findings show farmers reported the most fever episodes (42.6%) compared to other professions (11.4%). A chi-square test was performed to examine the relationship between economic activity and the occurrence of fever. Considering the majority of the respondents were farmers, we re-coded the economic activities into farming and non-farming. A statistically significant relationship was found between economic activity (farming and non-farming activities) and occurrence of fever (X 2 = 4.20, N = 284, df = 1, p = 0.039). The data were further analysed to examine the relationship between income levels (which by proxy are the assets owned) and the experience of fevers as suggested in the literature [11] . Respondents with more than six assets reported the least fever episodes (20.6%). The difference in the various income levels was, however, not statistically significant (X 2 = 2.131, N = 315, df = 2, p = 0.345).
Health seeking behaviours
The study also investigated the type of treatment respondents sought when they experienced fever. Of the 212 responses 59.9% sought treatment at a hospital, 15.2% used herbs, 11.5% visited the drugstore, 8.3% and 2.8% used a combination of hospital and herbs and drug store and hospital, respectively (Fig 2) . Community and health seeking behaviours. The type of treatment sought for fever varied by community. While 39.2% of respondents at Golokuati sought treatment at a health facility, 31.5% and 29.2% sought treatment at a health facility at Accra and Tanoboase, respectively. Generally, the rural dwellers tended to use herbs more than urban dwellers. In all, 33 participants indicated that they used herbs. Of that number, 16 (48.5%) were recorded from Ve Golokuati, 12 (36.4%) from Tanoboase and five (15.2%) from Accra (Table 4) . Indeed, in the FGDs, participants at Tanoboase and Golokuati exhibited more knowledge in medicinal plants than those at Accra. Some of the plants reported to have medicinal value included moringa, neem tree, guava, cinnamon, India tree, dry cocoa leaves, pawpaw leaves, pear, and mango. They indicated further that the leaves, bark, roots or other parts of trees can be boiled and the resultant decoction drunk. As an example, this is what one FGD participant said: "I do not remember the last time I was sick. I constantly drink herbal medicine brewed from militia and neem plants. The male workers at the other side are constantly brewing herbal concoctions so we go and drink some." According to respondents, the herbal concoction induces one to pass urine frequently and that through frequent urination, the disease leaves the body. Indeed, in the survey, when respondents were asked whether they knew of any traditional method of healing, the two rural communities had the highest number of respondents who indicated that they knew some traditional healing method. Ve Golokuati had the highest number of respondents who had knowledge of herbs (65.3%), followed by Tanoboase (33.3%) and Accra (1.3%). The total number of respondents who had some knowledge of herbal medicine was 75. Of the 75 respondents, 36 indicated that herbal medicine could be used to cure fever, while 23 said it could be used to cure malaria.
Livelihood and health seeking behaviours. The data indicate that more than 40% of the respondents who used hospital facilities were farmers, whereas 25% were traders. This was followed by artisans (20%) and the military/health personnel and teachers. In addition, farmers tended to use herbs (41%) more than traders and artisans. However, a chi-square test showed that the relationship between the economic activity one engaged in and the type of treatment sought for fever was not statistically significant (X 2 = .561, N = 187, df = 3, p-value = 0.905).
Moreover, there was no statistically significant association between the number of assets owned and the kind of treatment used (X2 = 7.737, N = 212, df = 6, p-value = .258). 
Discussion
In this paper, we used beliefs about the causes of fever and the treatment sought as a proxy to explore how a population at risk of potential zoonotic diseases might react in the event of a zoonotic disease outbreak. The fact that malaria was the most common disease reported is not surprising, as it is endemic in Ghana [10, 21] . Malaria accounted for more than a third of all outpatient department (OPD) cases and almost half of hospital admissions in children under five years [21] . In adults, malaria leads to the loss of productivity and welfare [22] . The observation that malaria occurs more among urban dwellers than rural dwellers is inconclusive. While some studies contend that malaria is more endemic in urban areas [23, 24] , others argue that malaria is more prevalent among rural dwellers [25] [26] [27] . Data from the 2014 Ghana Demographic and Health Survey [28] indicate that the prevalence of childhood malaria was higher in rural areas (52.9%) than in urban areas (16.9%). We found that the perceptions about the causes of fever differed from a biomedical view. In biomedicine, a fever may be caused by an infection and is often a symptom of diseases such as malaria, pneumonia and typhoid [29] . In this study, only a few of the participants indicated that fever may be caused by infected vectors, such as mosquitoes and could be the symptom of malaria and other diseases. In a study on the local classification of fever in a malaria endemic region in Uganda, Nsungwa-Sabiiti et al., [13] report of the varied classification of fever, many of which were different from the biomedical view. Of the different classifications reported in their study, only one rightly described the biomedical symptom of malaria.
In this study, it was believed that fever is caused by eating certain foods such as mango and new yam and from long exposure to sunlight. Similar findings were reported in the studies of Ahorlu et al., [12] . In a study of the local beliefs and practices associated with malaria in Ghana, Ahorlu et al. [12] indicate that the term atridii and asra were used interchangeably to refer to fever and malaria. In our study, the terms used to refer to fever-atridii, feber and abunu-were not the same for malaria. In their study, the perceived causes of fever as indicated by their participants were similar to the perceived causes of fever in the present study. In both studies, fever was believed to be caused by eating un-ripe mangoes, excessive exposure to sunlight and the consumption of fresh yams. Clearly, there are no data to support the assertion that fever can be caused by eating un-ripe mangoes and fresh yams.
Furthermore, we investigated participants' views on what time of year they think fever is common. This information is important to establish whether there may be an association between the time that certain animals such as bats are known to return from migration and the time that fever is thought to be common. While many local bat populations are believed to increase between September and December and decline between March and April, fever is reported to be most common between June and July and during the harmattan season. This means that fever is common when the bats have not returned from migration. Moreover, the participants did not associate bats with any diseases [30] . They contend that no disease outbreak has been associated with bats. Indeed, there is no record of a bat-borne disease outbreak in Ghana, in spite of the fact that human-bat interactions are very common [30, 31] . It is possible that Ghana has not recorded a bat-borne disease outbreak because none has occurred, surveillance is inadequate, or that the local populations may have developed immunity in response to repeated exposure to bats. As reported in Gilbert et al. [32] study of populations in the Amazon Basin exposed to rabid vampire bats, the repeated exposures of the local populations may have led some to develop appropriate immune responses.
The fact that farmers tended to experience fevers more than people in other occupations may be insightful. Livestock farmers tend to be exposed to diseases due to their contact with domestic and wild animals, which harbour a variety of pathogens [33] . For instance, a study in a population in the Amazon Basin exposed to vampire bats showed that farmers who owned animals bitten by bats were at risk of developing rabies [32] . Likewise, crop and fruit farmers tended to be exposed to insect bites and animal secretions, more than people of other occupations, and may be exposed to different disease pathogens. Farmers therefore, may be more at risk of zoonotic diseases than people of other occupations.
In this study the participants identified a second type of fever, which they termed high fever. This, they claimed is caused by a sudden rush of blood to the brain, making the sufferer to behave abnormally. This type of fever is reported to be common in children. Some children experience febrile seizures and convulsions when they develop high body temperatures due to the presence of a virus or bacteria [34] . However, febrile seizures in adults are not common. The type of high fever described by the participants are characterised by talking to oneself, shouting and other strange behaviours.
The study also explored the types of treatments sought by participants when they experience a fever. These are orthodox, herbal and over the counter drugs, and a combination of all three. It is refreshing that majority of the participants reported that they sought treatment at a health facility. The fact that more people at Ve Golokuati, which is a rural community, sought treatment at a hospital than Accra is surprising. The site at Accra is a major referral hospital, and is close to other major hospitals such as the Police and Ridge hospitals. However, rural dwellers tended to use herbal medicine more than urban dwellers. This might be due to structural challenges such as unavailability of a health centre as is the case at Tanoboase and the adherence to local customs and traditions. There was no health facility at Tanoboase-the closest health facility was at Tuobodom, about 5.9 km from Tanoboase. In the FGDs, the majority of the residents indicated that they normally visited the Holy Family Hospital at Techiman, which is about 12.5 km away. They pointed out that they preferred the Holy Family Hospital to the clinic at Tuobodom because it is the largest hospital in the district and therefore if there was an emergency that is where they would be referred. Though Golokuati had a health centre, it had the highest number of respondents who said they used herbal medicine.
Conclusion
The upsurge of zoonotic diseases within the past four decades poses a serious threat to human populations. Successfully identifying causes and symptoms is key to the prevention and treatment of such outbreaks. The challenge, however, is when a new and emerging disease has similar characteristics to an already known disease. How that disease is categorised, perceived and the treatment sought is critical to how the new disease would be managed. In this study, we explored how fever, which is a common symptom of many tropical and zoonotic diseases, is perceived and managed by three Ghanaian communities at risk of potential zoonotic diseases.
The study has revealed that the perceived causes of fever are different from the biomedical view. Given the role of wildlife in the transmission of zoonotic diseases and the fact that there are regular human-wild animal interactions in Ghana, there should be public health education to encourage people who frequently interact with wildlife to seek immediate medical attention during a fever episode. Educational programmes on the emergence of zoonotic diseases should target farmers, since they could be the potential source of a disease outbreak. In addition, public health education should be crafted in part based on the beliefs of the people.
The study would have been enhanced if the results of blood samples taken from participants, livestock and pets were available. Indeed, blood samples were collected from the participants and domesticated animals and pets. However, there were challenges with the analysis due to the unavailability of laboratory equipment in Ghana. As already indicated above, henipahvirus had been detected in the blood sample of pigs at Ve Golokuati (15) , so there is the need for further tests to determine whether this is widespread or an isolated case. Formal analysis: Fidelia Ohemeng.
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